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(71) We, SHELL INTERNATIONALE RESEARCH MAATSCHAPPIJ 
B V . a Company organised under the laws of The Netherlands, of 30 Carel van 
Bylandtlaan, The Hague, The Netherlands, do hereby declare the invenlion. lor 
which we pray that a patent may be granted to us. and the method by which it is to 
5 be performed, to be particularly described in and by the followmg statement: — 5 

This invention relates to a process for the preparation of cyclopropane 
derivatives which are of particular interest as starting materials in the manufacture 
of agricultural chemicals related to the so-called **synthetic pyrethroids , The 
cyclopropane derivatives produced by the process accordmg to the invention are 
10 novel compounds and are claimed as such. ^ , • r 

Accordingly the present invention provides a process for the preparation ot 
compounds having the following general formula: — 

H X 

wherein 

15 X is a halogen atom; 15 

R' is an alkyl group; 

R* is an alkyl group; or R^ and R^ together represent an alkylene chain; 
or a salt, anhydride, carboxamide or alkyl ester thereof, which comprises partially 
dehalogenating a cyclopropane-carboxylic acid of the following general formula:— 

Y X 

20 . /\ 20 

-COOH 

or a salt, anhydride, carboxamide or alkyl ester thereof, in the presence of zinc and 
an alkanoic acid, the symbols R\ R= and X in formula II having the same meaning 
as in formula I and Y representing a halogen atom having an atomic number which 
is the same as or more than that of the halogen atom represented by X. 
25 Preferred compounds prepared by the process according to the invention are 25 

those having general formula I wherein 
X is a halogen atom; 

R* is an alkyl group of I to 6 carbon atoms; 
R' is an alkyl group of 1 to 6 carbon atoms; or 
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R' and together represent an alkylene chain of up to 5 carbon atoms', or the 
alky! (I — 6 carbon) esters, the alkali mcta!. alkaline earth metal and ammonium 
salts thereof. 

Jn the general formula II when X represents a fluorine atom Y represents a 
5 fluorine, chJorine, bromine or iodine atom. When X represents a chlorine atom, Y 5 
represents a chlorine, bromine or iodine atom. When X represents a bromine atom, 
Y represents a bromine or an iodine atom and when X represents an iodine atom, Y 
also represents an iodine atom. X and Y are preferably equal and preferably 
represent chlorine atoms. 

10 The subsliluents R^ and are preferably both methyl groups, 10 

Examples of preferred compounds of formula I are 3 - chloro - 2,2 - 
dimethylcyclopropanecarboxyJic acid, methyl 3 - chloro - 2,2 - 
dimclhylcyclopropanccarboxylate, and tert-butyl 3 - chloro - 2,2 - 
dimethylcycloprop'anecarboxyratc. 

15 The dehaloeenation with zinc and an alkanoic acid is suitably carried out in IS 

the presence of an ammonium salt and/or water» because this enhances the 
conversion of the starting cyclopropane derivative; preferably, both an ammonium 
salt and water are present. Examples of ammonium salts are ammonium chloride 
and ammonium sulphate. Very good results have been obtained with ammonium 

20 chloride. The molar ratios of ammonium salt to zinc and of water to alkanoic acid 20 
are not critical and may vary within wide limits, but the best results arc usually 
obtained at molar ratios ranging from 0.01:1 to 1:1. 

The selectivity to the cyclopropanecarboxylic acid of the general formula I or 
to a salt, an anhydride, a carboxamide or an alkyi ester thereof is usually very high 

25 and often 100%, when use is made of a dehalogenating agent obtained by mixing 25 
zinc and an alkanoic acid for example acetic acid or propionic acid. The use of 
acetic acid has given very good results. The expression "'selectivity to a certain 
compound**, given in a percentage, is defined as: — 

a 

— xlOO 
b 

30 wherein a is the molar amount of the compound of formula II, or of a salt, an 30 
anhydride, a carboxamide or an alkyl ester thereof, converted into that certain 
compound, and b is the molar amount of the compound of formula II, or of a salt, 
an anhydride, a carboxamide or an alkyl ester thereof consumed In the course of 
the reaction. 

35 The reaction temperature for the process according to the invention may lie 35 

within the range 50« to I50**C. 

The conversion of the starting cyclopropane derivative is enhanced by 
carrying out the process under an atmosphere of an inert gas, such as nitrogen or a 
noble gas. 

40 The molar ratio of zinc to the compound of formula II may vary within a wide 40 

range byt is usually between 0.5:1 and 20:1, and preferably between 1:1 and 10:1. 
The zinc may be used in the form of dust, powder or granules. Zinc dust and 
powder are preferred, because small particles enhance the conversion of the 
compound of formula II and the proportion of the zinc used for the partial 
45 dehalogenation. 45 
Simple derivatives of the carboxylic acid of formula I, e.g. the acyl halldes, can 
be prepared from this acid in a manner known in the art. 

As has been stated hereinbefore the products of the process according to the 
invention, i.e. the compounds of the genera! formula 1 are novel compounds and 
50 these are claimed as such. 50 
The invention is further illustrated in the following Examples. The NMR 
spectra quoted were measured at 60 MHz using solutions of the compounds in 
deulerochloroform. 

' Example I 

55 Preparation of Methyl 3-Chloro-2,2-dimethylcyclopropanecarboxylate 55 

A 500 ml. round-bottomed, three-necked flask, equipped with a mechanical 
stirrer, thermometer and reflux condenser, was charged with acetic acid, 
ammonium chloride and 0.1 mol of methyl 3,3 - dichloro - 2,2 - 
dimethylcyclopropanecarboxylate. After the contents of the flask had been heated 

60 with stirring to reflux temperature — about 1 IO®C — 0.46 mol of zinc powder was 60 
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gradually added over a period of 3 hours under an atmosphere of nitrogen. When 
the addition was complete the mixture was stirred under reflux for a period of 17 
hours. At the end of this period the conversion of the starting methyl ester was 71% 
and the selectivity to the title ester 100%, Then 0.23 mol of zinc powder was added 
5 in one portion and stirring was continued for 7 hours. At the end of this period the 5 
conversion of the starting ester was 80% and the selectivity to the title ester 100%. 
Then 0.23 mol of zinc powder was added in one portion and stirring was continued 
for 16 hours, the molar ratio of ammonium chloride to the total amount of zinc 
added being 0.O9. At the end of the latter period the selectivity to the title ester was 
10 95% at 91% conversion of the starting ester. The molar ratios used were as follows: 10 

acetic acid to methyl 3»3 - dichloro - 2,2 - 

dimethylcyclopropanccarboxylate 35:1 

water to acetic acid 0.31:1 

zinc . to methyl 3.3 - dichloro - 2,2 - 

15 diraethylcyclopropanccarboxylate 9.2:1 15 

ammonium chloride to zinc 0.09:1 

The mixture obtained was allowed to adopt a temperature of 22^C and the 
unreacted zinc powder was recovered by decantation. The amount of zinc thus 
recovered corresponded to 74% of the starting amount. As 10% of the starting 
20 amount of the zinc had dechlorinated the starting methyl ester, 16% of the starting 20 
amount of the zinc had reacted with acetic acid, but had not been used for the 
dechlorination. 

The decanted liquid obtained after the recovery of the unreacted zinc was 
poured out into 650 ml of water and the mixture of the organic and aqueous phases 

25 thus formed was extracted with three 50 ml portions of dichloromethane.The three 25 
extract phases were combined and the liquid thus obtained was washed with 100 ml 
of a saturated aqueous solution of sodium bicarbonate. The washed liquid was 
dried over anhydrous magnesium sulphate and the dichloromethane was removed 
from the dried liquid under reduced pressure. Fractional distillation of the residue 

30 at 18 mm Hg yielded the following three fractions: 30 

Content of, %m, 
Boiling range, starting methyl title ester 

Fraction *C ester trans cis 

I 83-~85 <5 71 24 

35 II 85—87 8 82 8 35 

III 87—90 16 >80 <4 

The total yield of the title ester was 70%, calculated on starting methyl ester. 
The NMR spectrum of the title ester showed the following absorptions relative 
to a tetramethylsilanc standard: 

40 the cis structure the trans structure 40 

^=^1.22 ppm (singlet, trans" CHg) .26 ppm (singlet, trans^' CH^) 

^«1.39 ppm (singlet, cis" CH,) 6^135 ppm (singlet, cis" CH3) 
5=1 .79 ppm (doublet, HCCOOCHg); ^1 .77 ppm (doublet, //CCOOCHa); 
1=7.8 Hz H— H 1=4,2 Hz H—H 

45 5=3.26 ppm (doublet, ^CCI); 5=3.50 ppm (doublet, //CCl); 45 
1=7.8 Hz H— H 1=4.2 Hz H— H 

5=3.7 1 ppm (singlet, COOC//3) 5=3.71 ppm (singlet, COOC/Zj) 

"with respect to the COOCHa group. 

Example 11 

50 Preparation of 3-Chloro-2,2-dimethylcycloproparecarboxylic Acid 50 

The flask used in Example I was flushed with nitrogen and charged with acetic 
acid, water, ammonium chloride and 0.165 mol of 3,3 - dichloro - 2,2 - 
dimethylcyclopropanecarboxylic acid. After the contents of the flask had been 
heated to reflux temperature with stirring, zinc powder — originating from a bottle 

55 that had been opened for the first time — was gradually added over a period of 45 55 
minutes. Then the flask was kept at this temperature for a period of 20 hours. The 
molar ratios used were as follows: 
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acetic acid to 3,3 - dichloro - 2,2 - 

dimelhylcyclopropanccarboxylic acid 32:1 
water to acetic acid 0.3 1 : 1 

zinc to 3,3- dichloro- 2,2- 
5 dimcthylcyclopropanccarboxylic acid 4.2:1 5 

ammonium chloride to zinc 0.12:1 
At the end of ihe latter period the selectivity to the title acid was 100% at 80% 
conversion of 3,3 - dichloro - 2,2 - dimethylcyclopropanecarboxylic acid. 

The mixture obtained was allowed to adopt a temperature of 22°C and the 
10 unrcactcd zinc powder was recovered by decanlation. The amount of zinc thus 10 

recovered corresponded to 49% of the starting amount. As 19% of the starting 
amount of the zinc had dcchlorinated the starting acid, 32% of the startmg amount 
of the zinc had reacted with acetic acid, but had not been used for the 
dechlorination. , ^ . ^ r 

15 The acetic acid was flashed off from the decanted hquid obtamed after 15 

recovery of the zinc powder at a pressure of 12 mm Hg and the residue obtained 
was mixed with 200 ml of water. The mixture formed was extracted with five 50 mol 
portions of dichlorom ethane, the five extract phases were combined, the Hquid 
thus obtained was dried over anhydrous magnesium .sulphate and the 
20 dichloromethane was removed from the dried liquid under reduced pressure. 20 

Fractional distillation of the residue yielded the following four fractions: 

Content of, %m. 

Boiling point, Pressure, acetic starting title acid 

Fraction "C mmHg acid acid trans cis 

25 I 50—55 0.2 9S 0 1 1 25 

" I! 78 0.05 I 12 31 45 

III 85 0.15 0 17 27 56 

IV 85 0,15 0 24 17 59 

The total yield of the title acid was 62%, calculated on starting 3,3 - dichloro - 
30 2,2 - dimethylcyclopropanecarboxylic acid. 30 

The NMR spectrum of the title acid showed the following absorptions relative 
to a tetramethylsilane standard: 

the cis structure the trans structure 

5=1.24 ppm (singlet, trans'* CH,) 5^1 .32 ppm (singlet, trans^' CH^) 

35 fi=K40 ppm (singlet, cis^' CH,) ^=1.39 ppm (singlet, cis" CH^) 35 

5=J.78 ppm (doublet, f/CCOOCHJ 5=1.77 ppm (doublet, A/CCOOCHg); 

1-7.9 Hz H-^H 1=4. 1 Hz H— H 

5=3.28 ppm (doublet, HCC\); 5=3.51 ppm (doublet, HCC\)\ 

1-7.9 Hz H—H l=4J HzH— H 

40 5= 1 1 . 1 ppm (singlet, COO//) 5= 1 1 . 1 ppm (singi et, COO//) 40 

'>with respect to the COOH group. 

Examples III^Vll 
Preparation of 3-Chloro-2,2-dimethylcyclopropanecarboxylic Acid 
A 100 ml, round-bottomed, three-necked flask, equipped with a magnetic 
45 stirrer, thermometer and reflux condenser was charged with 3,3 - dichloro - 2,2 - 45 
dimethylcyclopropanecarboxylic acid, water, ammonium chloride, if any, and zinc. 
The flask had not been flushed with nitrogen. The contents of the flask were heated 
with stirring to reflux temperature and kept at this temperature for a certain period. 
At the end of this period the conversion of 3,3 - dichloro - 2,2 - 
50 dimethylcyclopropanecarboxylic acid and the selectivity to the title acid were 50 
determined. Two of the molar ratios used were as follows: 

acetic acid to 3,3 - dichloro - 2,2 - dimethylcyclo- 

. propanecarboxylic acid 32:1 
zinc to 3,3 - dichloro - 2,2 - dimethylcyclopropane- 

55 carboxyltc acid 4.2:1 55 

Five experiments were carried out in the manner described above. The Table 
shows tne starting amount of 3,3 - dichloro - 2,2 - 
dimethylcyclopropanecarboxylic acid, the molar ratio of water to acetic acid and 
of ammonium chloride to zinc, the type of zinc used, the reaction time and the 
60 conversion of 3,3 - dichloro - 2,2 - dimethylcyclopropanecarboxylic acid at the 60 
end of this type. The selectivity to the title acid was 100% in the five experiments. 
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At the end of ihe reaction time the mixtures were allowed to adopt a 
icmpcraiure of 22*C and the unreaclcd zinc was recovered by decantation. The 
amounts of zinc recovered, used for dechlorination and reacted but not used for 
dechlorination, arc also presented in the table. 

5 Example VIII 5 

Preparation of 3-Chloro-2,2-dimethylcyc!opropanecarboxyHc Acid 
The flask used in Example II! was charged wiih 0.018 mol of icrt-butyl 3,3 - 
dichloro - 2,2 - dimethylcyclopropanecarboxylate, acetic acid and zinc powder. 
The molar ratios used were as follows: 

10 acetic acid to terl-butyl 3,3 - dichloro - 2,2 - jq 

dimeihylcyclopropanecarboxylate 39: 1 

zinc to tcrt-butyl 3,3 - dichloro - 2,2 - 

dimethylcyclopropanecarboxylale 5: 1 

The contents of the flask were heated with stirrinE to reflux temperature and 
15 kept at this temperalure for 18 hours. After 30 minutes^ heating the tert-butyl ester 15 

had been quantitatively converted into 3,3 - dichloro - 2,2 - 
dimethylcyclopropanecarboxylic acid. At the end of the period of 18 hours the 
selectivities were as follows: 

to 3,3 - dichloro - 2^ - dimcthylcyclopropanc- 
20 carboxylic acid ^^/o 20 

to 3 - chloro - 2,2 - dimethylcyclopropanecarboxylic 

acid 10% 
to organic compounds with an open chain of carbon 

atoms ^^/o 

25 Comparison of the conversion of 3,3 - dichloro - 2,2 - 25 

dimethylcyclopropanecarboxylic acid — which was only 20% — and the selectivity 
to 3 - chloro - 2,2 - dimethylcyclopropanecarboxylic acid of this example with 
those of Example III shows the favourable effect of water. 

WHAT WE CLAIM IS:— . 
30 1. A process for the preparation of compounds having the followmg general 30 

formula: — 

H X 



COOH 

(I) 




wherein 

X is a halogen atom; 



35 is an alkyl group; ^- 

is an alkyl group; or and R' together represent an alkylcne chain; 
or a salt, anhydride, carboxamide or alkyl ester thereof, which comprises partially 
dehalogenating a cyclopropane-carboxylic acid of the following general formula: — 

Y X 




-COOH 

(11) 

40 or a salt, anhydride, carboxamide or alkyl ester thereof, m the presence of zinc and 40 
an alkanoic acid, the symbols R', and X in formula II having the same meaning 
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as in formula I and Y representing a halogen atom having an atomic number which 
is the same as or more than that of the halogen atom represented by X. 

2. A process according to Claim I, wherein in formula I: — 

X is a halogen atom; 

5 is an alkyi group of I to 6 carbon atoms; - 5 

R' is an aikyl group of I to 6 carbon atoms; or 

R' and together represent an alkylene chain of up to 5 carbon atoms; 
or the alkyl (1 — 6 carbon) esters, the alkali metal, alkaline earth metal and 
ammonium salts thereof. 

10 3. A process according to Claim I or 2, wherein X and Y are chlorme and R' iq 

and R* are both methyl groups. . 

4. A process according to any one of the preceding claims, wnercm 
dehalogenation is achieved with zinc and an alkanoic acid in the presence of an 
ammonium salt. , . ^ .j. . 1 r 

15 5. A process according to Claim 4 carried out m the additional presence ot 

water. . 

6. A process according to Claim 5, wherein the molar ratios of ammonium salt 
to zinc and of water to alkanoic acid are in the range 0.01:1 to 1:1. 

7. A process according to Claims 4, 5 or 6, wherein the alkanoic acid is acetic 
20 or propionic acid. ... 1. • i. 1 20 

8. A process according to any one of the preceding claims, wherein the molar 
ratio of zinc to the compound of formula II is in the range 0.5: 1 to 20: 1 . 

9. A process according to Claim I, wherein 2,2 - dihalo - 3,3 - 
dimethylcyclopropanecarboxylic acid or its lower alkyl ester is partially 

25 dehalogenated in the presence of zinc, acetic acid, an ammonium salt and water to 25 
give 2 - halo -3.3 - dimethylcyclopropanecarboxylic acid or its lower alkyl ester. 

10. A process for the preparation of compounds having the general formula I 
substantially as hereinbefore described and with reference to any one of Examples. 

1 1 . A compound of formula ] prepared by a method claimed in any one of the 

30 preceding claims. 30 

12. A compound of the following general formula: — 

H X 

-COOH 

(I) 

wherein 

X is a halogen atom; 

35 R* is an alkyl group; . ^ . ^5 

R* is an alkyl group; or R' and R^ together represent an alkylene chain; 
or a salt, anhydride, carboxamide or alkyl ester thereof. 

13. A compound according to Claim 12, wherein 

X is a halogen atom; 
40 R^ is an alkyl group of I to 6 carbon atoms; 

R' is an alkyl group of I to 6 carbon atoms; or 

R^ and R^ together represent an alkylene claim of up to 5 carbon atoms; or 
an alkyl (1 — 6 carbon) ester, or alkali metal, alkaline earth metal or 
ammonium salt thereof. 
45 14. A compound according to Claim 12 or 13, wherein X and Y arc chlorine 

and R^ and R* are both methyl groups. 

15. A compound accorxiing to Claim 12 specifically named herein. 

R. C. ROGERS, 
Chartered Patent Agent, 
Shell Centre, 
London, SEl 7NA 
Agent for the Applicants. 
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